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ix From syndrome-based molecular panels to total lab automation, clinical microbiology has evolved rapidly over the past 18 years since the previous edition of this book. We have witnessed increases in infections due to multidrug-resistant organisms, have overcome a major Ebola outbreak, and are currently tackling the geographic expansion of Zika virus and its potentially devastating effects. Aside from these more contemporary headliner agents, we continue to battle the threat of microorganisms that have been plaguing our world for decades, including HIV, syphilis, and influenza, just to name a few. And while the laboratory processes, diagnostic methods, and diseases may be more advanced and exotic, one unwavering aspect is the need for appropriate, well-collected specimens. In a world where we find ourselves trying to do more each day within the same 24-hour period, it is imperative that time not be wasted on correcting issues that are easily remedied with upfront attention to quality of specimens.
For some reason, clinical microbiologists seem to get more formal training in appropriate specimen selection, collection, preservation, and transport than nurses, physicians, and other medical personnel who are actually obtaining the specimens. Microbiologists can usually agree that a poor specimen, regardless of how it is transported or stored, will provide poor, even inaccurate, results for the physician. Physicians must be able to trust the microbiology laboratory to deliver accurate, clinically relevant results; so it must be emphasized that the quality of the specimen submitted for culture and, ultimately, the person selecting, collecting, labeling, preserving, and transporting it, are essential first steps to achieve this. Therefore, this book is for every member of the health care teamthe partnership.
The overall aim of this edition was not to reinvent the wheel when it comes to providing guidance on specimen collection and management, because not much has changed since prior editions. Rather, it is meant to make the content more readable and accessible for its users, both specimen collectors and laboratory personnel, as well as to provide updates in specimen collection for newer methodologies (e.g., nucleic acid amplification tests) that are now in almost every laboratory. In the age of molecular testing in microbiology, the principles Preface x Preface of specimen selection, collection, and transport are certainly no less important than they have been over the years. Close attention must be paid to the manufacturer recommendations for specimen collection and management, and unless the laboratory is prepared to validate an alternative process, one must follow these recommendations. Additionally, for labs based in the United States, the imminent threat of stricter FDA regulations on these modified tests is a reminder to us all that we must do our due diligence to prove the reliability and value in the tests we perform daily.
While the paradigm of the conventional gold standard may slowly be shifting away from cultures and organism isolation and on to more rapid, molecular-based methods, it is critical that we, as a laboratory community, continue to insist upon specimen collectors to follow collection guidelines so we can contribute what is expected of us. Anything less borders on malpractice and should be addressed before aberrant and potentially harmful results are reported. Regardless of the issue, we must remember, even in the era of decentralized labs, the specimen is not just a swab or a tube of fluid passing through our doors; it represents a sick patient, a concerned family member, and a treating physician, desperately depending on us to provide accurate, significant, and clinically relevant data. It is our mission to ensure that what comes to our lab in the form of a specimen and what leaves our lab in the form of results is of the highest quality. Please share these policies and processes with all of the medical staff involved in specimen management, share your knowledge, and spread this important information. If you don't do it, who will?
J 
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Since this text is intended to be used by all members of a health care team, some parts are more useful than others to particular members of the team. The book has four major sections.
Communicating Laboratory Needs
For physicians, nurses, specimen collectors, and laboratorians
This section details the premises on which quality microbiology specimen management processes depend. It introduces the concepts of specimen quality and of the relationship of specimen quality to clinical relevance, but it does not detail methods for specimen management. It also outlines some of the criteria that must be adhered to by the microbiology laboratory in the interest of good laboratory practice.
Specimen Management Policies and Rationale
For physicians, nurses, and laboratorians
This important section details why the microbiology laboratory must be involved in each part of the testing process, including the preanalytical, analytical, and postanalytical steps (Fig. 1) . It gives the rationale for stringent standards for specimen quality and explains some of the reasons why microbiologists may reject a specimen or insist on additional information.
Specimen Collection and Processing
For all specimen collectors and laboratorians
This "how to collect . . . " section is written in the Clinical and Laboratory Standards Institute format for laboratorians and is intended to help them prepare the collection portion of their procedure manuals. This section also provides instructions for any member of the medical staff involved in selecting, collecting, storing, and transporting specimens to the laboratory for analysis. Each procedure can become a part of a laboratory or nursing procedure manual on specimen collection. Included in this section are specific directions for pediatric needs.
How To Use This Book xiv How To Use This Book
Specimen Management Summary Tables
For all personnel involved with specimen management
This section contains summary information in tabular form for specimen management practices for bacteria, viruses, fungi, and parasites. It is to be used as a quick reference guide that can answer most questions regarding the laboratory needs for a particular specimen. 
S E C T I O N I Communicating Laboratory Needs
Appropriate specimen management, or lack thereof, impacts patient care in several very important ways. It is the key to accurate laboratory diagnosis, it directly affects patient care and patient outcome, it influences therapeutic decisions, it impacts hospital infection control, it impacts patient length of stay and overall hospital costs, it plays a major role in laboratory costs, it directly impacts antibiotic stewardship efforts, and it clearly influences laboratory efficiency. I would have to say this area is of critical importance to health care and to its providers and should not be taken for granted. For these reasons alone, all laboratories really need access to specialty expertise in microbiology.
J. Michael Miller, Ph.D., (D)ABMM, (F)AAM Microbiology Technical Services, LLC, Dunwoody, GA.
Basic Issues
NOTHING is more important to the effectiveness of a laboratory than a specimen that has been appropriately selected, collected, and transported.
• If specimen collection and management are not priorities, the laboratory can contribute little or nothing to patient care or related investigations. It stands to reason, then, that if laboratory data are used to supply critical information that either confirms or leads to a diagnosis and successful treatment, those involved in selecting, collecting, and transporting these microbiology specimens must understand the needs of the laboratory regarding the specimens.
• In addition, laboratorians must know the needs of the physician in order to direct their technical efforts toward providing results that are accurate, significant, and clinically relevant. Those who actually select and collect many of the specimens submitted for culture are nurses or other medical assistants, who may know the least about the needs of the physician or the laboratory. Yet it is these initial steps of selecting, collecting, and transporting the specimen that are the most critical for microbiology, whose role is to provide potentially lifesaving data.
Open, active communication among all members of the health care team (physicians, nurses, laboratorians, etc.) is essential for optimum patient care, but communication is often difficult at best and is occasionally nonexistent.
• Patient care is a team effort, and if one member of the team inadvertently withholds needed information from another member, the whole team suffers because incomplete information can easily lead to incomplete laboratory results. Physicians and microbiologists need to have more constructive and seamless contact and interaction with each other.
• Microbiologists act correctly and responsibly when they attempt to clarify the real needs of the clinician regarding a culture request. This may mean asking questions, suggesting equally effective but less costly alternatives, seeking additional information, or even occasionally rejecting a specimen because of improper management prior to its arrival at the laboratory.
• Often, specimens of the least clinical value require the most laboratory resources (1). The complexities of modern laboratory technology demand use of the most cost-effective methods that will provide all the information requested. For example, if one is to use a swab for collecting a specimen, choose the very best swab to use, not necessarily the least expensive. • Microbiologists should be invited to have more input into nursing in-service training, and nurses should make an effort to understand the unique needs of the microbiology laboratory. Strategic in-service sessions that combine nursing, infection control, and microbiology staff as a team and address the needs of each health care professional can help strengthen the relationship among members of the team.
Laboratorians must follow standards of laboratory practice just as clinicians must follow standards of patient care (Fig. 2 ).
• Laboratorians work constantly to achieve and maintain standards of good laboratory practice. These standards frequently dictate the methods and limits of specimen workup and are often challenged by requests from clinicians that cannot or should not be fulfilled.
• A good laboratory, supported by its pathologist, director, or consultant, resists efforts by physicians to force it to perform an analysis that is outside the standard guidelines or will provide potentially misleading results. This resistance is a critical means of communicating; it is not a challenge to the authority of a clinician. Clearly, the physician is communicating to the laboratory a need for some crucial information about the patient.
Figure 2
The laboratory can provide clinically significant information when skilled workers follow approved guidelines for culture workup. The laboratorian, however, must have rapid access to pertinent patient information.
• The laboratory must communicate what it needs in order to meet the physician's request. In fact, the laboratory's needs should be clearly documented in the section on specimen collection and handling in its microbiology procedures manual (Fig. 3) .
Specimens for microbiology analysis usually contain living organisms whose recognition depends on rapid, professional specimen management. Understanding this simple concept should motivate specimen collectors to remember three important steps to accurate microbiological analysis: SELECT, COLLECT, and TRANSPORT.
1. SELECT the specimen from a site representative of the disease process; 2. COLLECT the specimen using the proper technique and supplies; and 3. TRANSPORT the specimen to the laboratory expeditiously or make sure that, if it is stored, storage is brief, properly done, and at a temperature that will not damage the suspected organism. Additionally, the specimen should be packaged in a container designed to promote survival of the etiologic agent and to eliminate leakage, which might pose a safety hazard and/or compromise the integrity of the results.
The health care facility's laboratory is responsible for providing detailed instructions for those engaged in specimen selection, collection, and transport. The laboratory is also responsible for in-service training of medical staff when necessary as well as responding immediately to any specimen that has been incorrectly collected or transported. Some common collection device and transport issues are outlined below in Table 1 . 
Anaerobes
Anaerobic transport tubes and vials are necessary to optimize recovery of anaerobic bacteria. Some anaerobic transport systems are available in screw-cap tubes and some in anaerobic vials; these are useful for aspirates and tissues (preferred specimens) or for swabs (not a primary choice). The containers are usually under vacuum or may have a special gas incorporated into the container to expel oxygen. For fastidious, strict anaerobes, any exposure to oxygen can be lethal and the specimen collector must be made aware of this. Anaerobic specimens often come from surgery but may come from other areas of the hospital as well.
Blood cultures
Blood culture bottles are available in a variety of sizes and volumes for adult and pediatric collections depending on the blood culture system used. Different broth formulations are available as are unique bottles for automated blood culture systems. All blood culture bottles must have their tops disinfected prior to collection using the manufacturer recommendations, and, if no recommendation is provided, the top should be subjected to the same cleansing protocol as the venipuncture site for collection.
Bordetella
Specimens for Bordetella testing require a minitipped swab and a nasopharyngeal specimen that would be placed into the transport medium. Molecular-based tests may require a flocked swab submitted in a special transport medium and transported at room temperature. Culture requests require special media such as Regan-Lowe to actually transport the specimen to the laboratory. These media usually need to be warmed to room temperature prior to use, so refer to the manufacturer's instructions.
Chlamydia
There are multipurpose commercially available transport media for Chlamydia, Mycoplasma, and Ureaplasma suitable for a variety of test methods. Follow the manufacturer's instructions with all of these transport systems. Testing by a direct fluorescent antibody assay will require specially tipped swabs for use in collecting specimens from the endocervix, urethra, conjunctiva, or nasopharynx. Some manufacturers provide collection kits containing slides for making smears at the bedside for use with immunofluorescence.
Human papillomavirus
HPV testing may require a special cervical brush, which often comes with accompanying transport medium and instructions on how to collect the specimen. Subsequent testing is usually by probe hybridization or other molecular methods and should follow manufacturer's instructions.
Parasitology
Fecal specimens submitted for parasitological examination require their own unique transport vials containing preservatives. A small sample of feces is placed into the transport container and sent to the laboratory for microscopic analysis. Some rapid antigen and nucleic acid-based tests are available for protozoa, and the specimen collection and transport for these tests should follow manufacturer instructions.
Sexually transmitted infections
Specimens submitted for various sexually transmitted infection testing must be carefully selected because of the nature of the etiologic agent, i.e., Treponema pallidum, Neisseria gonorrhoeae, Chlamydia trachomatis, Trichomonas vaginalis, Herpes simplex, and others. There are both commercially available and manual approaches to testing for sexually transmitted infections. Commercial systems will likely require a specific collection device and transport container and will provide collection instructions. If a manual method is used, the laboratory may consider a flocked swab for some collections, aspirates for others.
Stool
For bacterial pathogens and toxin analysis, specimens may be submitted in clean, nonsterile containers with lids or a screw-cap vial containing a bacterial transport medium. A sample of the diarrheal or formed stool is placed directly into the vial for transport. The diarrheal stool is the specimen of choice. Swabs may be used in pediatric patients and then placed into the tube or vial and broken off, replacing the lid and submitting to the laboratory.
Swabs
Swabs used may be cotton or Dacron wrapped or flocked.
As collection devices, swabs may be incorporated into a tube containing a transport medium such as Amies or liquid Stuart's medium. Single or double swabs may be included in the transport tubes and should not have wooden shafts. Double swabs are helpful when one can be used to inoculate media and the other used for Gram stain. Other uses for swabs include tests for rapid antigens, DNA probes, yeast cultures, screening methods (e.g., methicillin-resistant S. aureus, MRSA; carbapenem-resistant Enterobacteriaceae, CRE), some viral cultures, and nucleic acid testing. Minitipped swabs are used for nasopharyngeal collection and some urethral studies.
Urine
Collection and transport of urine specimens may vary from sterile, screwcap cups to special Vacutainer-like transport tubes, to specific devices with growth media already incorporated into the transport container. For the Vacutainer and media-containing devices, follow the manufacturer's instructions.
Vaginitis/vaginosis
Analysis for vaginitis and/or vaginosis is often assessed using automated instruments by DNA probes or other nucleic acid-based methods; these assays will require the specific collection tube or devices designed for that particular instrument. For manual analysis, vaginal swabs may be collected and sent to the laboratory for analysis by Gram stain and, in some cases, culture.
